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MimiOD AND ARRANGEMENT TOR REClPROCnT CALIBRATION IN WIRELESS 
COMMUNICATION 

Picia of InvtrnlJon 

5 The present inyentiM rolalcs to a method and anaogement to enhance tho conunqnieation 
pwfbnnancc in wireless conumuiioQlion systems. In paiticuljar, the present inwntion rclaloi? f o 
tho rucipwcity of bidircotional corumunicaaon channels. 
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na£k(>,iroimil of tlie rnv^ntioii 

Tho demand Aw tnffic caiiacity, coverage and reliabiUty in the vviroless communicalioft 
10 systems is .sowniflgly cvcr-iticroasing. Ojie botUcneck in the ttafSc capacity is Uio limited 
frwiwcjicy spectmm available for communication purposes, the limitation being boUi physical 
- wly part ofthe iivqiicncy spectnira is suitable for communication and the infotmation 
conlerit per frequency and lime is liraitetl, and organisaUojial- theuse&l part of the spectmm 
is to bo used for & number of purposes including: TV and radio broadcast, non-public 
comuiunicaUo^ such as aiicraft oommuuicalion and military communication, and the 
established s>'sioms for public, wireless commuaication such as GSM, Ihird-gemsration 
networks (30), Wireless l^l Area Nctworics (WLAN) etc. Recent development m the area 
of radio iMasiijission lechnicpies for wirdws communication systonas show promising results 
ill that the U-affio capacity csm be draraatiwJIy increased as well as offering an incmascd 
fl«{xibil»ly %viUi regards to simuluincously handUng different and fluctuating capacity needs. 
Several promising techniques are MulHplc-Input-Multiple.OuJputCMlMO) sec for example 
A. Goldsmith el al. "CapaclLy Limits of MIMO Channels". IEEE Journal on Selected Areas of 
Comm. , VOL 21, NO. 5. JUNE 20O3, and coherent combining based cooperative relaying, 
sec for uxamplc I'<M w Larssou, ."Latgo-Scale Cooperative Relaying Network with OpUmal 
25 Cohownl Combining under Aggregate Relay Power Constraints", in Proc. Of Future telecom 
C^nfcwnco, Beuinfi, Cliina, 9-10/12 2003. Compared to presently used transmission 
leohalqucs siwh as n^MA (as used in GSM) and WCDMA (as used in UMTS), the above 
exemplified tccliniquc represents a much better usage of the available radio ftcqueiicy 
spochuin.As an example of the cupabUitie.-> of, but also the requirement set foifh by, the new 
transwission twlmiqucs the MIMO wimlcss systems wiU be briefly described with references 
U> m, 1 (prior art). A compreliensiv© description of the basic principles as well as recent 
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development and awas of research oFMlMO is to be found in the above referred article by A, 
Goldsinilli ct nl. 

A radio link in a MlMO system is characterized by lhat the transmitting end as well as the 
rectjlviiig cttd is cqtiippcd wiUi wulliple antenna elcmenls, as illustrated in FIG. 1 . The idea 
behind MIMO is tlwl llic signal?? on the transmit (TX) ant^nas at one end and the receive 
(IOC) niitcanas at (ho oilier end are "combined'' in such a way tliat the quality (bit-error rate, 
BKR) or the data rale (bits/soc) oflhc comniunicalion for eadi MIMO user will be improved. 



Such m advatUagc can be used to increase both the network's quality of service and the 
o|)crtitor*s revenues signilicantiy, A core idea in MIMO systems is space-tima signal 
1 0 processing in wliich time (Ihe natural dijnension of digital communication data) is 

conipkmcnlcU with the spatial diraaislon inherent in the use of multiple spatially distributed 
antennas, A key feature of N41M0 systems is the ability to turn multipath propagation, 
ti ftdilionally regarded as a luniling factor in wireless transmission, into a benefit for the user. 
MiMO effeetlvciy lakes advantage of random fading and when available, multipath delay 
1 5 spreads for multiplying transfer rates- Also schemes such as Transmit Diversity scheme with 
Rici) Feedback (TDllF) mid coherent combining based cooperative oiTer a dramatic increase 
in capacity and/or quality^ sts described in "Capacity achieving transmitter and receiver pairs 
for divj.ici-sivo MlSO ohnnnels" by K, Zangi and L. Krasny, lEKE Tirans. Wireless Commun,, 
July 2002 and in "Optimal and Reduced Complexity Receivers for MISO Aiilenna Systems" 
20 by T.- Knisuy, S. Grant and K. Molnar, Proceeding IEEE Globecom 2003- The prospect of 
:signi rioanl iiuproveinents in wireless communication performance at no cost of extra 
spoeti'uiu (only hardware and eomploxity are added) has naturally attracted widespread 
ationtion. 

'I'h« Iruasmitling priuoiplos of a anulliantenna system will be described with reference to the 
25 schematic ilhwlratiou of Fig- 1, A compressed digital source in the form of a binary data 

Rlreaui 105 is fed lo a IransmiUing block 1 10 ^compassing the functions of error control , 
coding and (possibly joined with) mapping to complex modulation symbols (quateniiuy 
phase-shift keying (QPSK), M-QAM, ele,). The latter produces several separate symbol 
~&1rcfti(us wh^^^ fridepehdcnt to partially redundant to fully rcdundantrEachis tlien 

30 mapped onto one of tlut multiple TX antennas 115. Mapping may mclude luiear spatial 
WGlghiina of llie mitcnna elements or linear antenna space-time preceding. Aiier upward 
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ih;q«?ucy conversion, filtering and amjdificadon, the signals are launched into the wireless 
chanusjl. N TX anteunns 1 15 aw used, and the transmitting block 1 10 may typically comprise 
nK-ajis for N simultftncons trajisraissioos. At the receiver, the signals are piefetably captured 
l»y mnlUple atflwinas (M) 120 and demoduiaUon and demapping opciations aro performed 
the receiving block 125 to recover the message. The level of intelligence, complexity, and 
priori cliuiinci knowledge used in sdccUng the coding and antenna mapping algorithms will 
vary a groal deal depending on tlw nppUcalion. This detenmnes the class and performance of 
.lliciniuliiantennajsoluljDn.fliat is iraplemisnlttii, _^ 



m 
a 



Maliirally, the multbntenna systems offer a transm it-receive diversity gain, similar to the 
existhig smart nntejjna systems, but can also offer a fundamentally new advantage in the 
exploration oflhespace-time. TW« can be spcn as the multiantenna systems tiansmit data over 
amairix channel rather than a vector channel. The signal model of this type of multiantcnna 
system can simplified be described as: 



r = Msin 



(1) 



1 5 whowm, r is Hie U x J the received signal vector, s is the ATx / transmitted signal vector and 
n is on vector of additive noiso terms, e.g. white Gaussian noise, and H is the Jl/x JVolmnncl 
matrix for the transmilted sienals between the transmitter and the receiver. 

llic multiplexing alone is as previously mentioned, not enough for achieving the dramatic 
incDk-aso in gain. Advanced coding/decoding and mappnig schemes, i.e. the space-time 

20 coding, is c$$f.aaa\. A knowledge of the radio channel is needed for the decoding already in 
today's ocisliug v-ircless systems isuch as GSM and UMTS, and in the multiantcnna systems 
this lenowledgo is absolutely criU«il . In some of the most promising implementation proposals 
for MIMO, the knowledge of the chatuicl, represented by H, is used not only in the dccodrag 
rfor,ii*d in. receiver side, but also in the coding on the transmitting side as described in 

25 D. Q^hctt ei al. "I'mni Theory to praclic^: An Overview of MIMO Space-Time Coded 
V/irelcss Systems", lEEIi Journal on Selected Areas of Comm., VOI* 21, NO. 3, April 2003 
and in WIPO piibiicaiion nf WO 03005606. 

Tlie knowledge of the charactcrisUcs of the channel matrix H al the transmitter can be used to 
optimieo codmg a»id mapping. Not only MIMO systems exploits precise channel state 
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^formation (CSO, but also for TDRF and coherent combining based coopeiative relaying 
lhal inliorwUly \if>es CSI knowledge for optfmizing respective communication performance. A 
fo ward channel may typically be chacacteri'/ed cither by sounding the channel in tho forwatd 
direciion with somo training signal and ihcn receive feedback from the other slalion infomiing 

5 abopt the cbanacl chatactcristics, or by receiving a braining signal from the other station and 
acquire knowldge of transmit power. The first alternative can provide a good estinialo of the 
clifumcl chwactcristics, but at the sume time does llie transmission of tlie ehacacicrislics of Tl 

ial;e mi.v5iUiabU.lransmission Tcsom<«s^ThcrcfoxCracompKWusaJjs^ — . 

B«in niwl Ihe iticj-^ase in comrol signalling over payload signalling is typically consi dwed in 

10 fot cxnroplc dotermiaiDg suitable update frequency for the characteristics of H. Tho latter 
Bllumriii va uses less transmission recourses, but relies on Ihe assumption that the channel is 
nscipiMiSd, i.c. that amplitude and phase are identical regardless of transmission direction. 
1 his is o.g, the caso in a TDD channel (lime division multiplexing) within the channels 
coherence lime This is particularly tnio, and of interest, when mulliple antennas wo used at a 

15 II rsl station and only one (or fewer) antennas arc used at the other station, as also the number 
of training sequences C9U bo diminished. This is also of great interest for coherent combining 
based cooperative wlaying, as jjotcatially large number of relays (possibly equipped witlx only 
one ot wiih few antennas) arc exploited v*ile communicating to a user with only one or a few 
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k<{ittnm9iy of the Invention 

The reciprocity assumption, as discussed above and in the referenced documonta, is widely 
accepted and used to effectively estimate the channel. However, in realistic situations, given 
eg. non-pcrfoct ininsmitlw-reccivcr chains, the reciprocity might not hold. Thus, ftere is a 
25 pbvions need for achieving a suitable estimate oiUcva channel, for example characterised by 
the chaniK I raalrix H, wlwiein the estimate diaracterizc the complete transmitter-air intcrfacc- 

rcc^civcr chain. 

'[ha object of the present invention is to provide a method, radio nodes, system and programs 
— ihal ovcrcoines Uic dmwbacks of -the prior art techniques. This is achieved by Ae a mcOiod as 
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(lofmodin claim 1, the syslcm as defined iii claim 21, the radio node as deHned in claim 22 
aiiij nio program prodiicl dcii ned in claim 1 8, 

4 

m method according lo Uic Invention provides a method of calibrating at lea« one fast mdio 
node in a wiivlcss communionUon network. Hie communicatJon network comprises at least a 
first i£>din node and a second radio node, vidiich can be arranged to be in radio oommnnication 
with each otiwr. The calibralion method is based on that at least one representation of radio 
f l"f!?.Sl!l'I'[!!ffi^ oae radio node to the other. 
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One embodiment of ihe i iivcntion comprise.^ the steps of: 

■IraamUms chjmnd estimation sjxribols. or pilots, from at least the second radio node to the 
1 0 fuMi radio node over a rndip channel; 

^cafculatin.^ at lest one ii^prcsentalion of the radio channel characteristics in at least the 
.second radio node; 

■exchonains at least one representation of the radio channel diaracterisUcs from one of the 
radio nodes to the other radio node; 

-co»^>cma(ing rmlio transmissions from liic first radio node with at least one correction factor 
wljich is at Imt pai tly based on the exchanged repiesentetion of the radio channel 

chanicloristics. 

'Hie mctliod may further, which corresponds to a ftrlher embodiment, comprises a step of: 
-mimatbjg transmission cnois in the second radio node, based on the received pilot signals in 
20 the first and second form, and calculating a conreetion vector with correcUon terms for 

respective antenna of the first radio node. Optionally the first radio node uses dedicated pilots 
whicli has been modified (o fiiciliiato the error estimation in the second radio node. 

TIM communication system according to die present invention comprises at least a first radio 
nnite and a second radio node capable of transmitting and receiving radio signals and the first 
and second radio nodes can be arrangttl to be in radio eommum'cation with each other. The at 
least first radio node is calibrated with the aid of the second radio node, wherein the first radio 
node baisos Hjo calibration on at least one representation of radio diannel characteristics which 
lias been exchanged irom second radio node. 
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TIw radio node according to the pt«sent iavention is adapted for wireless wmraunicaUon m 9 
wircljfjss uc;t>vork. Tiie networif comprises at least a second radio node and the first radio node 
capaWo of and ihc second radio node are capable of transmitHng and receiving radio signals 
and can bo amuiged to be In ladio conimunicalion with each other. The at first radio node is 
calibnilod wifh tho aid of die second radio node, wheiein the first radio node bases the 
calibmllon on «l loasl one wprescniation of radio channd chaiacJeristics, which has been 
<»cchf|iigod from second radio node. 



AccoffKng to one embodiment oftho invention the radio nod^iloinprjses c5ibn>Uon initiating 
means for identifying a need for calibrating the radio node» channel estimating means for 
10 protUicIng radio channel wslimates from radio signals received by the first radio node, and 
excljnnglngmcims for exch-inging representations of die radio channel estimates or conection 
iBn«sA,c<;toc8 to other radio nodes. The diannel estimating means and the exchanging means 
ore fjcferably in comijumlcatioa with the receiver, and wilh calculating means for calculating 
0 correction vecior/tctm or n wproscntaaon of a radio channel estimates, based on received 
1 5 radio chaoncl estimate provided from the exchanging means and/or the internally dctcnnined 
chani wl eslinuilc provided fmm the channel estimating means. The radio node further 
ft>mpris«3 pilot trai^smitting means fl»r conlroUing the 1ran$mis.sion of channel esUmaiJon 
syinboLs or pilots, to the other radio nodes, and compensating means for compensating radio 
ironamissionft from the radio node with one, or a set o£ conecUon factorCs). The transmilUiig 
20 means and tlic compensnUng mean,-* are preferably m communication -with the iraasmitlcr, 
which also is in communication willi the exchanging means. The compensating means is 
Aivilicr in communication with the calculating means. 

Hianks to the taveniion inaccuracies and differences in transmit receive chams can be 
comjv^nsaloti, whereby ocli ieving reciprocity between the two radio nodes. The calibration 
25 may Imj nscd aUo in communication wilh other radio nodes and reciprocity is mainlined also 
in Iho^^e communications. 

One advantage afforded by the present invention is, since reciprocity is ensured, thai metiiods 

for optiniivdng cotliag anj^ .moping at flie transmitter which requires an accurate forward 

olumnol estimation, can be used. ' " " ~ - 
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The (Wcrihad ,«<^a,ocl5 havo 0»o addilional 

^^^l^^n static, thai cannot or don't communicate, A typical cohe«.u 
wwbimnfl based cooperative relaying. 
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l\nci i)e<;cription o( the Drawings 

TIio invenlioxi will now be tlcsciibcd in detail wilh rofcreace to flic drawing figures, wherein 

Fig. I is u sclicinaiic view of ai niultiaatenna system (prior art); 
Fifi. 2a is a schematic view of two radio nodes according to the invontioa engaged in 
5 commimic^ian, and Fj& 2b ia a schcniaiic illuslralion of ftincUonal modules in a mdio node 
nccordirig lo Ibe invention; 

is a message scquOTG© cliart illustolbig.tihe4afitt.od-aGG©idfeg^ tiw^pfeseafrinvenHonr 

,Pig. 4 is a racssnge sequence chart illyslrating the method according to a first embodiment of 
the pnMieiU iaveniion; 

10 Fig. 5 is a message sequence chart illuslratiiig the method according lo a second embodiiTient 
of ibo present iwvwition; 

g. C is a message sequence chart iUiislraUng the melhod according lo a third embodiment of 
the present iuvunlion; 

rig. 7 is a message sequence cliart illustrating the method according to a fourth embodiment 
15 of the |)ftxscDt invention; and 

Wr. i b a schomslic view of wimlcss syslcra wherein entities uses fte calibration method 
acwrtltttg lo tlie invention; 

Fig. 9 is 0 schema! ic ilUisiradoi^ of transmissions between two ^tilies nsing the melhod 
according to tlie present inventioa 

20 



lMaik4l Description the Iiivcution 

nodes in a wireless commomcation network, station A 21 0 and station B 220, which are 

in shnultancons coinnumtcation wiih each other, arc schematically illuslmtcd in FIG. 2. 

Stmion A 21 0 comprisi^ a Iransmillcr 212 and a icceiver 21 4. Station B 220 comprises a 
25 1 raaswtt tor 222 and a receiver 224. Iho transmitter 212 of the station A 21 0 and the receiver 

224 of stoiion B 220 makes up a first transmitter-receiver diain, and the transmitl^ 222 of ihc 
.station n 220 and the receiver 214 of station A 210 the second, As previously dascribcd the 

iransinission ciin be characterized \>y the chMncl toatnx hut-as-shown here in EIG..2, it 

degeiwmres to a scalar complex valued channeL The end-to end channel for a Iransmittei- 
30 receiver chaui naay be described as consisling of essentially three parts i-elating to the 
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traiismiUOT, tiw air interface and the receiver. Tho parts relating to Iho transanitter and the 
reccivLT will bo rofcrred to as internal dianncls. This approach takes into account that iho 
signal is aftcoted not only in the qir interfaco, but also in all parts of the transmitter-receiver 
chain sudi in the Irensraittcr/reccivcr and antenna feeders etc. llie channel (in the 
ficqiiiincy domain and hcnc6 generally a dependency with respect to firequency) from station 
A (o B, in li)d oxamj[)lo depicted in FIG. 2. may be desaibed a 

L (2) 



ond Iho channel froiu n to A is 

(3) 

10 Vfhurcla//4wcharacteri?olhotransmitlBf212ofslationA210./rAj:fc3Kttactcrh^ 

Uansmiilcr 222 of station U 220, Jl4,nria the channel matrix characterizing the Kcnvnr 214 of 
stotion A 210 and ////.jur chaiactcrize the nscclver 224 of station B 220. Har characterize the 
nwlio propagation channel Tlic terms relating to the transmittcas and receivers Na,u, Hktx • 
//iwf and //i*.iyrare not limited to Iho effect on the signal within the actual tiwismittcr or 

15 mjccivcr, they sliould preferably comprise a characterisation of all essential channel effects 
wilhia respccSve station, llie channels aw hfsta characterized vwift matrixes, ^vludl is relevant 
if any kind oP MIMO commnnication is used, hi particular, the transmit>^receive diains ai-e 
ch.injctcrlzcd as diagonal matrixes, wliercas Hch is a full matrix. However, the observation 
lhatnot only the air inr«fface but also the transmitting/receiving parts effect the channel is 

20 valid also in other cases such as MISO, SIMO and SISO systems, for wliich the matrixes at 
the .single antenna side reduces to a scalar. It is a l\mdamental property of an isotropic 
medium, sucli us the radio channel, that it exhibits reciprocity, reflected in that Hch is the 
same in botli directions, i towcvcr, since neither HA.n can be assumed to be equal Hrjx nor 
//4JUf can bo assumed to be equal /(nj^y. due to nnavoidablc differences in the components, (he 

25 chaiuicl from station A 210 to station D 220, , can not be assumed to be equal the 
cliannel from station B 220 to slaiion A, 11 . to other words ll^^^g ^ ffff~*A 's gcncraUy 
valid and the c}\anuols are not reciprocal. Uven if the equipment at one time is calibrated so 
wL-u tlie internal eluinncb ff^j^ = iTg^jx and HAjsc^ffuM^ that time, drift due to 
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Icinpornturo, humidily, agoing of coiDpQXicnts, for example, will cause the channdls to become 
iioiwciprocal 

Tn llic mclliod ncco^ling to the preseat inviS^tion external calibralion o F the transmitters and 
pos^ftihly alrso Ibc receivers is introduced. This is possible becrasc the transmiller and receiver 

5 inlcmril charuicls Ha^pc. Uajx* Jl<,px, and HB,nxzxe stationary over long term and chan£es 2W 
primarily duo to teaipci'Ctture drifti humidity etc. These clianges typically occur on tiixiescaleH 
siicli 63 IiDurs, days, or at the fastest, minutes and can be consider as very slow compared to 
olhoir dioiuctecistic timescales in llio system such a$ changes in the air interface, power 
ccniirol changes nnd commDiuccilion speed, for example. The calibration according to the 

] 0 invontioii may take phKX* on a regular basis or as a response of a signal fironi a controlling 
enitiy upon, for example, a detected degradation in communication performance (such as 
thnm^^hpul) ox dc:lc}ction by other means. The communication between tlic calibration 
instances is only aftecled in the sense that calibration factors are included in each 
transmission. 

■ 

1 5 The riidio nodu 21 0 described with reference to FIG. 2a is according to the present invention 
adapted lo utilize tho method %nccotding to the invention. A radio node capable to be calibrnied 
and to participate in tlu^ calibration of another node, which is a preferred embodiment, is 
sclKmalloatly dcpicled in l*TG. 2b. The bdow described modules should typically be regarded 
OS son ware defined functional modules in the digital processing parts of fte radio node, i.e. 

?.0 no{ necessarily physical entities. Tlie radio node preferably comprises a calibralion initiating 
module 222 for identifying a need for calibrating the xadio node, chatmcl estimating module 
224 for producing radio clinnacl estimates fiom radio signrfs received by the first radio node, 
find exchanging module 232 for exchanging representations of the radio channel estimates or 
correction tcrms/veciors to other radio nodes. The channel estimating module 224 and the 

25 exchanging module 232 arc preferably in communication with the receiver 214, and with 
calciilaling module 226 for calculating a correction vector/term or a representation of a radio 
ditmncl estimates, based on received radio channel estimate provided from Ihe exchaiiging 
mochii^ 232 and/or the internally determined channel estimate provided from the chamiel 
estimaiiug modiile 224. ITie radio nddc furtlicr comprises pilot transmitting module 228 fop - 

30 tmnsmilling channel estimation symbols, or pilots, to the other radio nodes, and compensating 
module 234 for compensating radio transmissions from tlie radio node with one, or a set of, 

EniPf.zei.t:3p/£6/2004..G8:CB. ■.Empf..nr.:295..P.022. ........... . 



30-JUN-04 NED 0B:3J 



DR LUDUI& BRANN PAT AB 



FAX Na 018 568939 



P. 23 



11 



correction fic^oKs). Tha tansmlttlpgBiocMe 228 and the compensatine module 234 a« 
Pi-^My ia co.n«umcntion wiUx fte tnmsmlttcr 212, which also fa in com«.«„icatioa with 

^ «.ou!atins module 22fi. The funcdoadi,y provide! tho above described modules can 
bo nchieved by a pluraU^ of dilferent implcmentotion,. of ll,e above is a non-UnritinB 



coM,™t.o„ofa..o.ionv^llbedesc„^^ 

^O. 3 c„,d .he sehonuule ai«^««on of FIG. 2a n„d b. la the «e„^,ary systoax depicted ia 
10 ^'l^-2o«lya,^et«.«.„^,te^ando«o«ee[vcrisp^.Wdedineach^^^^^ 

siep. « « calih... ion of .he ,raa„muer of slaUon A. ms is a „on-li™Ung e«a«.ple a„d lha 
mvonttvc ,nc,hod is not Iin,i.od to m on tho cna,r«y, as pointed out in the boekground 

. »3«^«^'^»"dtb«methudoasUy«.^bletosuchsys,ems.ll.emethodof«^^ 

15 . comprises ihesicps of: 

300: Iniiuitc tfjo calttotion process. 

Tho calibnUlon ptoces., can be iuiaatud i« predctemined .i«e inten^d.^ , 
P^ldctmmcd ,i„,e imervol can be set ba«d on oxperienee and assu«^o.« on eg. clhr,atc 
^ '^••*™^-elyO«canbr...onp.oce.scn„beinitiatedo„de„«„.^ 
20 -»''«'««B«»Ui.y.xv.Uchhas«oo«led«.me„^„„ofcc™n»^^^^ 

or mo«node.s. ag. ahigh average DER or a ohaaBe ia ave^go BER. H.e calibration may 
also be ,ris,cn>d ba^d on cmnwie changes, such as sum««„lbe te^ 
«han8«, of commnnicmion cqi,ipment. Moreover, the transmitter also has fcnowledfio of 
iransn-ission hist«o' (Ume and duralion of transmissionX used transmitpower as well as 
po.«t.ial ibiure .ran.,.nission and use this lo Irigg^r any caUbralion. Further, calibration 
crxon. (such ns pha« devi«i„ns) may be defected at the receiver for each transmit antenna, 
and when exceeding a predeieimined threshold of deviation a caWon event is iastaatiatod 
need re, cnlibniUon is .ypieaUy recoenized in Che eaU^ 

30 fi«iloW«}«icaiia,ofn required calibration. 



25 
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305: TiansinU cliannd wiimation symbols, J». 

Chfuincl csliTnaiioft symbob i symbols known by both Has iransmitter aod receiver, e.g. in 
ihc form of a pilot signal, w. tnwimuited ftom station B ^0 to stalioa A 21 0, «nd/or ftom 
sinlion A 210 to stalion B 220. Many systems have an existing conunon pilot channel that can 
be Qiicd for Uic calibration purpose. Klot transnjitting module 228 controls Jha transmission of 
piloli. 

310: CSuinnd csiiioftlion. 



CalculnlQ a ch^ml csiiwatc » from ihe iQsult of Uic trammissioa of i*, which (Aazmel 
c»tlintato // comprises the complete transmitter-air intead&ce-receivcr chain. Ha o the 
10 clianncl cstfinnic for a signal from sialion A 210 to siation B 220, anc|/or Hj^^^^ , ihc channel 
csiiraat,* frtim sIjUJoa D 220 to station A 21 0, may preferably be calculated. The channel 
csiimoting modalc 224 of tho radio node pcifotms the estimalions. 

3 1 S: Bxchange infontialion between stations. 

ITie stations exchange infonnatlon extracted from the channel eslimate(s) ih^ and/or fx 
15 in order to facilitate a calculation of a correction fector to be used for the transmission by 
sltttion A. fi-cfcrably, the receiving station (station B 220) scads aicpresentation of Uio 
channel estimate A^„g to station A 210, or alternatively station B 220 sends areprcscalation 
of a correction factor. 1 lie representations are preferably sent in a compact fonn, in order to 
not take up more transmission resources tlian necessary. The cxcbMging module 232 prepares 
20 and wnlfols tho ojcchango of informarton relating to the radio channels between different 
node:;. 

« 

320: Calcidatc channel corrccliou factor. 

A cli:um«l c^rrpctbn factor, taking into account Ihc exchanged infoitnation on channel 
csUmntos, U calcolmed hi calciilaiing module 226. 

25 325; ComiJcasalc transmission with channel coxtection ftctor. 

SlRiion A 210 compensates every transraisision to B willi the channel correction factor, giving 
«n cCrpctivo channel II^^^ , Since clwnncl i^cipiooily holds, //«^ « y/^,^ . , with the 

compensated transmission, siation A 210 may iiow measure oiipilots (channel-estimation 
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syjrtboh) fron^ B for the estimaie of f//,.^^ needed to eg, enhance coding and mapping. The 
channel cowolioa fhgtor is nscd at least until anew calibration process is initialed. The 
compCMisalion can bt: ,sccn as an adjustment of the transcnitt(» 212 controlled by the 
conipcnsnling module 234, 

5. llic crtlibration proccsss has been exemplified with a calibralbn of the transmitter iu station A, 
to givo reciprocal coiidilions for the comraunication to and firom station D. Naturally, the 

£rlll^£^L^[ffl^jgO^^^ station B, The calibration process describ ed nbove 

can be extended lo a muUianlenna (mvilti TX and/or RX) systems. This will be furthet 
<ll8C5ussed in the below dcscriplion of different embodiments of the invention. It has fatthor 

10 been assumed that non-linear chanictorisdcs, e.g. due to non-Hncar power amplifier operation, 
coil bu nc{$lcc*tcd. 

The Above described caljbration process may readily be adapted to different implementations 
of wrijlcss networks. Siich iidoptioiis will be exemplified with different embodimrats of the 
invention. . 

15 In a lirijt embodiment of the method according to the present invention, described wiih 

references to FIG, 4, chanael estimation syjnbols arc sent both from station A 21 0 to station B 
220 and from station U to station A, Tl>ercfore estimates in both directions, jy^^^ and f/^^^ , 
m\ 1>« produced (corresponding to step 310)» 

Aflcr iho channel estimation the stations exchange its channel estimation data. e.g, statioji B 
20 scad Jt^^^n to station A (skp 3 15). Based on N^^^ already available at station A and tixe 
iwej vod //^ , a cliaimel correction factor can be determined (step 320) according to: 

A slf,nal 5 , to be ti ansniitted iVom A to B, is pr&-mul1iplicd with ^Tq^ resulting in tJio 
rci'.civ«d sleunl (step 325): 

25 A' = //".i.>jj//cv«r-^+^ (5) 
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,\vi\cr« N is receiver twisc. (t is seen (hat the effective channel is modified into the reverse 
chtuuKil ncQordiag to; 

Ucncc as '^Jtn the channels are now reeiprocal, it is possible to use the estimate of 



5 Iho chaJincl in dircc^liou B to A, perform any operation on the signal to be transmitted based 
on nnd scndiiig the it over ihe effective ohjutmol Ji^'^"^ from A to B, 



Thi3 cixibodiniont of thcj iavcntion pn^farably comprisi^ as illustrated in the message sequence 
dwrt of MO. 4, th<? siepsj of: 

405 (corrc^tponding to step 305): Transmit diannel estimation symbols, l\ 
1 0 141 ot sigiinis are tntiismilb^d from stadon B 220 to station A 210, and fi*om station A 2] 0 to 
slMion B 220. 

41 0 (3 1 0); CItannel csliraadon. 

is c«lo\ilatc^i at station B 220 and 7/^^^, is calculated at station A 210, 

4 i 5 (3 15): Hxciungc information between stations, 
IS Station B 220 sends a reprcscntalion of the diannel estimate H^^y^ to station A 210, 

m 

preferably in a com pact form, A compact representation can be used as the metjor 
characlerislics of the cannel arelcnowa, c.g. from // , and only part of the estimate^ c.g. 
siguificanl deviation.*^, need to be traiistniOxfd, 

420 (320); Calculple channel correction factor, 
20 Station A 210 calculate the correction factor, licoff , according to equation (4). 

425 (325): Compen^iuto transoussioa wilb channel correction factor. 

Staiion A 21 0 c6fnpl'nisates"we^^ Bwilh the chanficlcoiTct^tion factors/art;^.,. , - 

CLiviof} an cffcctiv?? channel // , which ensures, as shown in equation (6), reciprocity. 
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20 



IS 



the enibodhnont may bo exteflded to MIMO by pafonning tiie same procedure for each 
autcnna clmenl combinations. With A/ TX and AT RX antennas, the total number of 
csilttiralioijs is Af times K 

In a second omtodinient of the ineihod of the invention, described with references to th© 
sfgnalling scheme of » 5. c^atlou symbols, or pilot, is tian^ttcd in one direction only 
In ihis Cinbodiuicnt. station A 210 Gvsl pcrfonn an open loop channel estimation by receiving 
- _ j^^^illS symbd Am s^^^^ estinuited channel, subs etyienl transmission 

fotni A 10 B is pco-mulliiiliwl wilh inveise of the channel cstitnie. Bas^d^C^iiji^^B 

c«n iv-iwrt a correction facior bnck to staUon A. Hie coitection factor is used for every 
1 0 tmnsnttssion uuUl ne« calibration h<stance. This is in essence a so called zero forcing schema 
rcvoiang in proportionaUy laiger power is assigned (o ficquencies (assuming a frequency 
selective dwimel «id eg. OH>M) wiOihigh attenuation Possibly, one avoid wing bigli 
atitrnuUion frequencies. 



The coiTBCtion fector fed back can preferably be in the form of a lowoider complex 
polywunlal (possibly with exponential functions for any delays) and hence only a few 
weifilaing factors are sent back. Delay, phase and amplitude dilWe will generally be small 
in nWBnilHdc and well WW functions, it is therefore generally sufficient to use a low order 
polynomial. Utherincilwcia of compression the correction factor may.as appreciated by tho 
skilled in \ho dtl, dl$o be u<ifcd. 



Ai m a Wive the transmissions fium A to B is pre-multiply with the complex conjugiite of 

, . This (lUeinadvc does not experience die problem with high atlenoalioft frequencies as 
for the mo-forcing method. Ihc receiver, i.e. station B. must however take into account that 
tho received .signal Is, apart from tlw phase and amplitude cxroxs to be caUbrated. aUemiaied' 

wiW' K//pwMdctirtimninBtheconeaionfectorlhatisfiMj^ Hou-cver, 
25 Ihv? most important is lljc feedback of Ih^phase errors, as the ampUtude gain of the tr^„it 
receiver cliains docs generally not vary so much as the channel gain iJJcn 



The si cojid emboJimcnl of d«» invention preferably comprises, as illustmted in the message 
sequence chart of FIG. 5, tite steps of; 
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SOS (coxrcjsponding to step 305): Ti-ansmit channel estimatioii symbols, P. 
rilot signals are tmnsmUtcd from station B 220 to station A 21 0 only. 

510 (310): Chmwcl cslwiarion. 

is cstin^aled St station A 210. 

5 511: Calculate pi«ltmiiuiiycotxc9tion factor. 

A piTjiminoiy coireot«oi\ feotor, hM, is calculated based on ^a^^, preferably tho jnvcree of 

k ••«• ■ • • 1 ^« HI Hr>*>>a.t, 

flicdwimcl csiyjn)atc,//ii>^,orii5corapW 
512: Compciis^to tran^^nUssions. 

The lrDnwvtission.s Aoiu slotioa A to staUon B are oompensaled by multiplying the signal with 
10 the pwliniiimty corrccliou fiicior A^^s, 

513; Estimate ori'or^j. 

Slation 11 220 eslimatc pbaso and amplitude errors in the transmission compeinsated with the 
pwllniuuny corroction factor. From the estimates station B calculates a correction term A<w 
For ihe rt^..^^, tlw corrccUon factor is simply complex conjufiatc d&ctive channel when 
^^i^>A is concalcn-iteil vvilli ir^^^ . For the A^^^ case, the complex conjugate of the phase 
mox nuy for instance be sijenaled back, honce assuming that msignificant magnitude 
(Icvialioos occur due to tli^ tran.*«fnit receiver chains. 

515 (315): Kxchangc inrorpiation between stations. 

Sinliou D 220 scncte the correction term hcofr to station A 210, pxefeiably in a compact form. 
20 520 (320); Calculate channel coxrecLion fecior, 

Station A210calciilatc a final coiTeolion factor, i/c<w , based on the preliminary concction • 
Ihctor /)[^ and the correction teini Acivy^ 

525 (325): Compensate transmission with channel coneclion fector, 
»Station A 210 compensates every transmission to B ^vith the final channel ooncction factor 
25 " - //caj.>»> giving an cnectlye diamicl y^flncU ensures reciprocity. 
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In a thitd cmbwliment of the method of the present invention, described with refcrencesto tlie 
iagnfJling scheme of FIO. 6, specinl esUmHtion symbols (or pilot channel) is used in atWition 
to iha exibiiiig commoti pilot cbamiclj to estimate a conectiQii vector. 

Ill, for laxamplo, n MfMO scenario in which station Ahas antennas and staliouB has iia 
nntcimas, llw froqucncy responses of (he transceiver chains can be lepiesented by diagonal 
matrices whh elements cor i-espondiog to the response between the baseband processor and a 

J??!!»«»»?' aatort??- yg£fE?yhL^A?:?£jgi?..jy fay > ^a diagonal matri x and the chmmcl's 

wspooso is now an n^hy w^roatiix as seen by slation B, 

Folio v,ftng llw example of calibrating station A through station B, similar to the fust two 
1 0 embodiments, the channels from station A to staUon B can be estimated by station B through 
a kmnvn signal (a fiequeney domain column vector of dimension n^) generally referred to as 
the common pilot channel and here denoted by i>. . The at station B received signal 
conaspondii^ lo this pilot is given by 

^4"^BM'^^af^h;rx'K» (7) 

13 and fmm which U,e effective cluamel response ^a^b-Ubj^HchH^ can be estimated. 
Shtlion A can sUnihirly derive ItUj^ = nB.!ix»CfftfAj!x - » then transmits from each 
anltfnna a prc-nmllipUcd special pilot signal, coUecUvcly denoted by a column vector 



(8) 



wlwrcin, /», is an xw^ diagonal matrix contaxning individual pilot signals with good 
20 nuto !(nd cross coirelalion piiopcrlics and \^ is an aU-one column vector of dimension n^, 
He received signal conessponding to this special pilot signal is then given by 

^, » ^IfcH 'ffA.m 'Px • J^AM -"of 'HItx '\ , (9) 

Fox slnipllchy, ones may assume that « 1 (the two stations may agree to use only one 
imtfama in B to ca! Ibrete A), then the received signal in the above equation can be written as 

BiiPf.Eeii:S0/06/2004 i38'lT c ^ 
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Since Ihwlraiisceivcr chain's ftoqncncy response contains only delay, pbas© rotation and 
iwtliaps a small an\plitude variation. Hsjtx ^ ^'aipc » C7) both have unit amplitude. 
llMjKforc is known ftomAe common pilot signal and the correction 

5 fenn Ua rx Uf f) ' "rx U^J)^ antenna in station A can be estimated by corrclal mg 
Ihe rwa Vtfd signal Ji, with the corresponding pUot signal PgU,/). After receiving Ons 
correction InfomiaUon from slJUion B, station A can then adjust the transmit and tcccivc 
iAuvm such tUnt /7,,,Tjr U> J) ' "a^ a -0 «e the same for aU j . UU makes sure that the 
diannds are /xsclpcoocil between the antennas at station B and the baseband pigcessor in 

1 0 stalioji A, Note djat the ws^onscs of the transceivers in station B is irrelevant for the purpose 
of coh«reritly adding the aniving signals at the antennas since Ihey can be estimated and 
removed before demodulation. 

Hie Ihinl embodiment of tlie invCTtion preferably comprises, as illustrated in the message 
sciiuenco cliart oPFlG. 6, the aleps of, 

1 5 605 (corresponding to step 305): Transmit diannd estimation symbols, P. 

Known diannel cstimalion symbols, preferably the existing common pilot channel, i»„ arc 
tmmmitied from sUitlon B 220 to station A 210 and from station A 210 to station B220. 

^10 (310): Ciinnncl estimation. 

Ih Ki . « cstim-'H*'! at station A 210, and at station B 220 according to the tdjove. 

20 CI 1: Transmit si^'cial pilot chamiel/'s. 

Station A transmits from eaoJi antenna a pre-multiplied special pilot signal, • • \^ . 



612: listiipate errors. 

Stalioft B 220 csUnialc delay, phase and amplitude errors for each of the station A's antennas, 

ba-wfon the "receive Pc'aad P, ■ /f ^M '%„ • A correction vector comprising-cortcciion. 

25 terms for each antenna in station A is calculated. 
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61 5 (3 IS): Hxohangt^ infonnalioA between stations. 
. Siation J J 220 sends tlio correction vector to station A 210. 

620 (320); Calculute chnnncl correction factor. 

SUHioh A 2] 0 cAkutalc phannQl coueotion factors for each aniaenna. 

S 625 (325): Compensate lmjisniis?5ion with channel coirection factor. 

SlaUou A 210 compensates every transnri-sslon to B vyitb the oliaonel correction facton? 
ensurina reiiju-ocityf --^ 



m 

A loiulU OJwljodtmcnt of the Iftvcntimi, described with wfeiences to the signalling scheme of 
riO. 7, relates to lh« cases of SVD (Siiignlar Value DccompositioR) based MIMO or TDRR 
to and iilUize a dcdicalM pilot channel ia combination with the existing common pilot channel 
llw Uausmit side (Elation A 210 ftr example) perfomw channel matdnng pre-flltcring so that 
Ihc Kieiwls add wp coherently when acrivins at tho antennas of the receive side (siaUon B 220). 
The. ivcdved signal at atetion I J is given by H^^g . /f^^^ . S , where 5 is a column vector 
of dimension ftjt containing the data syntbols. The pre-filtering fimolion is the complex 
1 5 conjugate of iho diannd from station D to A and can be estimated by the common pilol 
chimnd stixd by station J^. 

^ In gortcm), known symbols aiu mulUplcxed with data symbols so that the effective channel 

response can be csliraatcd for coherent dcniodalatfon. These known symbols are sometimes 
i cfcrrcd lo as dedicated pilot channel and is here denoted by . In combination with the 
20 common pilot channel the dedicated pilot channel will bo used lo derive iho correction 
vector n? will be shown below. 

At sUilion B, the received signal ooncsponding to the dedicated pilol channd is given by 
^.Y " ^^->/f • tiii^4 'Pa (1 1) 

fJinctt // ^.^j, is kfwwn from l|ie common pilot Pg , H^^^ can be estimated fiom R, . 
25 Tlwrclbre 
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(12) 




5 soqiiiinci) chart nf FIO. 7, Ihe steps oH 

705 (com:siiondfii|5 to s«cp 305): Transmit channel estimation symbols. P. 
Kjiovwrdjatmcl eslljoatiou symbols, preferably the cadsting common pilot diannel, Z^.-, aic 
irwiatnitlKl /com elation B 220 to station A 210 and ftom station A 210 to station B220. 

7 1 0 (3 ) 0): ClumntA cstiin:iijoo. 
'0 tU->A >s c5»»»w*t«!<i »t station A 210, and ll^g at station B 220 from tho pilot channel. 

711; Calculate prc^fJlor. 

SlflUon A 21 0 calculate pre-(ilt<5r //^. . 

712: Trap^smit dedicated pilot cliannel P^. 

Stalinn A transroils dedicated pilot channel i'rfnniltiplied with if i^;,^ , whidi at station B is 
15 received ns ^ H ► //*^^ • , 

713; Kill mate concction vector, 
"b-^A A^H ^"^^"^ taio^oi by slallon B 220, and used to estimate a correction vector. 

715 (315): ISxchnnfic infoTmation between stations. 
Stfilion B 220 sends Iho coitccUon vector lo station A 210. 

20 720 (320); Colculato channel conreetion &ctor. 

- Statioa A210,calcwlali3 cjianncl wir^^^ for each antenna. 
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4 

725 (325); Comiicn;.'tlc iransmission with channel concction factor. 

Station A 21 0 compcnsntes every twnaraissioji to B with the channel correction factors 
cDfiurii\g nsciprociiy. 

Hic calibration mctiiod nowfdlngt<i the Invention can.be utiUzed, as indicated In the dififercnt 
onbodimcnl-s, in vtirious wii^less systems, as well as in-between various cntiUes (nodes) in 
ttw syaloms. FIG. 8 illusfmtes various examples of nodes in-between which calibration may 
Uiltc place, 'llio excinpliity nclworjc 800 comprises apluiality of basestations 805 (botli 



mulliplc Bncatna and single antenna), relay etaUons 810 and moWk^ions^lirc^Iibj^ 
nujy ag. take place bctv^-een two relay stations 810 indicated by arrow 820), between two 
10 bftscslations 80S (arrow 825), between a relay station 8 1 0 and a mobile station 815 (arrow 
830), between a base station 805 and a mobile staUon 81 5 (arrow 835), and between a base 
station 805 aftd n relay station 810 (anow 840). Other combinaUon of radio based nodes for 
Ote purpose or calibraUon according to the invention is also possible. Furiheimoic, some 
stations way be equipped with multiple antennas, wheicas others lave merely single antennas. 
Tlw calibrftUofl should bo pciformed in accordance with the specific antenna confiewation. 
Choices ofwhich node to calibmtc with may be dictated by selection rules incoiporatcd in ttie 
system, eg. based on link qucUity, knowledge of calibration accuracy offered by some statious 
(il mjiy e.g. difter between fixed stations and mobile stations), mraibar of antennas etc. 

It slwnia be cmpliasiscd that althouelitiie caUbiation takes place between some pair of 
20 .sliUioiv?, the calibrated entities may subseqiientiy communicate with other stations. For 
inslmice in Cohcfent combining based cooirerative relaying, relay stations may perform 
cailbmlion wiUi a proximnte bascstation, and later while communicating relaying signals 
received on one link (eg. from a ba^eslation) to a second link (e.g. witii a receiving mobile 
station) ilic compensation acconling to the invention and phase compensation derived fiom 
25 clannel ostimatea (see Iref)) is applied that enables signals relayed over different relays to be 
coheninlly combined at the receiving entity. 

A possible impIcmentAUon of the calibralion metiiod according to tiic invention i.s illustrated 
in FIO, 9, wherein (be system is in TDJ) mode. The caHbration method described above may 
preferably be carried out by two stations that arc assigned to opposite transmit/receive time 
30 slots. In » cellular .system, this moans between a base station and a user toiminal. However, 
wilibraUou may, ns previously discussed, also take place between nodes that are assigned-tho 
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sameltfmsroit/toccsive lime dots. eg. belwwen to basesiations. Fig. 9 iUustrates an example of 
coHlMtilion proccdiiru hi s TDP sysUan bplween two basestalions. In order not to disrupt the 
ottfeoiOB oporailoa, m idaUon should ufansnjit in a lime dot originally aUocated for iccciYing. 
Therefow, a base j*toii<m can swiljch to receive mode during a slot originally scheduled for 
5 1 mnsinission and Tnonsuro the pilot channels fiom other base stations. 

lUuslrattJd in FIO. 9 suro tbo titintmiissions between station A and station B, wheteia; 

ft) III n -first tcansiTjittimc slot-TXi.-slationB transmiVapilot^whicWs-Kccived-bjMho • --- 

station A, >v3iich has switched to recdivo mode. Station A estimates Hg..^. 



10 



b) In a socoHd transmit lime slot TXj;, station A tranamit a pilot, Pc, Pa or Ps wbicli is received 
by the station ]\ vMch has switched to receive mode. Station 1) estimates „ and 

possibly >^ , and dctominos a rcprcjewlation of H^^^ or a conection vector/tenn. 

c) In a third transmjliinicslot TXj, statioji B. ia regular transmit mode, transmit the correction 
vector to stat ion A, which has switched to receive mode. Station A adjust the transceivers 
acconiiugly. 



1 5 Tho calibration iransitiission docs not need to occw in adjac»)t TX-sIols, and cah"bmtion 
process may iuvolvid additional transmissions that is not depicted in FIO. 9. 

Utilisiug llio method of cUibration according to (he invention it is possible to compeasat© 
trnnsmtasions so that the communication channels between two radio nodes in a wireless 

* * 

notwofk are reciprocal. TTjo presented embodiments oflera meihod.s of prafoaning Iho 
Mlibrjlion pcoccss in veiy ofiicieitt ways, cnsnrins that valuable radio tcsoutces are not 
ynM on unncccssaiy sisnalling. Hie reciprocity achieved by the inventive calibration 
procfMS makes it possible to fully exploit the eagjacity gains afforded by features such s\s 
spocoK'nie coding used iix th^ newly developed radio communication systems eg. MIMO, 
1WX< and C(>liarcnt oombining based boopcrative relaying. 



20 



25 



Tiw wothod accordtiVg to the priisent invention is preferably implCTusnted-by means of . 
pn»aram products or piograra uwduk products comprising tlie software code means for 
perfomiing the s{ej(»s of tlie method. The program products arc preferably executed on a 
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plurality of m\io nodes wilUin a network. Tb& progEBm is distribuied and loaded from a 
comriitcr iL-jaWe nicJium, such as a floppy disc, a CD, or transmitted over the air. or 
{lo\vnloa<ic(t fiom Iiiternel, for example. 

As dcmonslrotcd, mid exemplified in the dii&rcnt embodiments, the present invenUon 
pmvidos a nwUiod and tadio nodes thai makes it possible to use channel reeiptoeity. iu that it 
wmpens^U) for iiwccunjcies and diJtbronces in imnsmit receive chains. 

-n» described melhods Iwve ihe additional advantage that^tcan b&ijsod for relative 

calibratinu bciwoco stalions that can not or do not commimicate. A typical example is 
coherent combbing based coopcialivc relaying. 

WhUc invention has been described in connection vdth what is pnssently considered to be 
1I» lamt pmclkal and preferred embodiments, it is to be understood that the invention is not 
to be limited lo ilic disclosed embodiments, on (he contrary, is intended to cover various 
tiiodlfioations and equivalent aoangcmenls as defined by the appended claims. 
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Cl^lMSr 

1 . A jn«il«5d of calibraaing a tnuismiuing part of a node in a wrelesa commanicntion 
iKlwwk, whidh corammiicalion network comprises at least a fiist radio node and a 
fiocond tadlo node which can bo arranged to be in mdio coromuaicalion ynUx each 
other, said calilnr^iion uiet]»od characterised in diat flie raKbraiion is based on at 
icafit 0J1C rcprcsentalion of todio channel diaractcristics, which at least one 
it^v»;cntfttion Im been exchanged from one radio node to the oHier, 



10 



J3 
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3. 



A. 



2S 



5. 



30 



• Cnlib/atiottittcthod accpraing loclaiml/ivhcrem-said czaibrstion inelhod comprises 
lhc» stcp» of: 

HramnUiing (305) channel estimaiion symbols, or pilots, fiom at least the second 
indio node to ilio ftcs^ radio node over a zadao cbaninel; 

-cahaaiing 10) nt least one reprcscnlation of the radio channel characteristics in at 
Icaflt the second nicUo npde; 

'exchcmslf-^ (3 1 5) at lewt one representation of the radio channel characteristics 
from one of the radio nodes to tlie other radio node; 

-compatmnns (325) nidio transmissions from the first radio node vvith at least one 
correclion faclor which is at least partly based on the exchanged representation of tlto 
radio channel characteristics, whereby achieving cssenUally reciprocity between the 
rcidto channel from the iiR,t radio node to the second radio node and Hie radio 
channel from the sccoiid radio node to the first radio node. 

CaJifaration inoihod according to claim 2, wherem the oaUbraUon method is initialed 
in prcilcterinine tunc intervals. 

Calibratioii ineU)od according to claim 2, wberefai the calibznlion method is initialed 
OS a response of a measure of communication qualify being below a prcdcteiinincd 
Qiresl told value 

Caiibrrtlion mdUod according to any of claims 2 to 4, wherels: 
-in tlio tninsmitling step (305, 405) pilot signals arc send both &om the first radio 
node to the second radio node and ftom the second radio node to the first radio node; 
-in the calculating atcp (3 JO, 410) a fust estimate, k^^^ , for the channel from the 
first radio node to Uio second radio node is calculated in the second radio node, and a 
second csiijUHta Ifj,:^^ for tlie channel from the second radiq node to the first rndio 
node is calcujAted in Ute first ladio node; ~ 
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-In Ihc oxchaugitig step (3 1 5. 41 5) a representation of the first channel estimalo ia 
tiansmitusd from the second mdio node f o Ilio firet ladio node. 

<>. Calibration mclhodaccordh^ to any of claims 2 or 4, wherein: 

-in 11.0 titmsnuitiiifi step (305, 505) pilot signals are send from the second radio node 
IQ (lie iir$t radio node; 

-ill tb« calculating step (3 10, 5 10) an estimate for the channel fitim the second 
radio node to IJio fwsl radio node Is calculated in the llxst xndio node; and the 
-tfah'brntiou method comprij;«s iuriherstepst>fV-' 



■ • •• 



-caJcttlaVns a preliminary conection factor. Has. (511) based on the channel cstiinahj, 
«B.>^»inthefirtitrftdlonode; 

■compoisQiin^ (512) transmissions from the finrt radio node to the second radio node 
with the pr^indnacy correction factor his', 

-eslimatiiig (513) in tbo second radio nodo caiois in the transmissions from the firsil 
radio node , ^nd calculating a correction term. W ffomthe estimated enors; and 
15 whcrcui: 

-in the oxclwnfflng step (3J5, 515) tbo correction tcnn is Innsmitfed ftom tlio sepond 
tcidio node to Uie Urst radio node; 

-m tho compciisaiing step (325. 525) the radio transmissions fiom the first radio node 
(Uie conipeasal^ with a coirecaon factor which has been updated with tlie correction 
20 term hoo^ 

7. Calib/^ioninelliod according to any of claims 3 or 4, wherein at least the firsliadio 
node is provided with a plurajity of antennas, and; 

-m the uausmitling step (305, 605) pilot sifiuals a firat form are send boUx from tho 
first radio hodd tq the second radio node and fi»m the second radio node to tlie first 
25 radio nodo; 

-inlh«calcul.'Uingstcp(310,<;iO)afirstcstijnate, for the channel finmHw 
first rftdio node to the second radio node is calculated in the second radio node, and a 
second estimate tf,.^^ for the channel from the second radio node to the fij^t radio 
node is wlcuJalcd in tho first radio node; and the calibration method comprises 
30 furdKsr slf,"ps oft 

-trfimmimng (611) pilot signals of a second form fiom eachof the antenna of the 
finst radio node to the second radio node; 

'CstimiUlfig transnussion ecrois (612) in the second radio node, said estimation based 
on tlw received pilot signals in flie first and second form, and calcuIaUng a correction 

* 

Einp.f»2ei,t:3Q/Q6/2004.08:l5 c x 



30-JUN-04 HED 08:40 DR LUDHIG BRANN PAT AB. FAX NO. 018 588839 



26 

vector Willi ciKtcction terms for ze^pcctive antenna of the first mdio node; a.nd 

'in tlio exolmnging step (615, 5 J5) the Qorrection vector is transmitted from the 
second radio nod^^ to Hic Hnst radio node; and 
5 MIX tbo compensatiT^fi step (325, 525) the radio tonsmissions from the first radio node 

nrc CA3mpcn.salcd widi a correction factor for each antenna, which correction factors 
arc based ut least parlly on tho rcsijoctive conrcction Icons in the conectfon veoior, 

(he stops on 

1 0 -tratmiinbig (405) channcj ostiraalion symbols, or pilots, fixwii the fiisl md jo aiode to 

at least the second ladio node and from the second radio node to at least the lirst 
radio node; 

-^siimaims (410), in the second radio node, the radio channel from the first radio 
node to ibo second radio aodp //^. , and, in the first radio node, the mdio channel 
1 5 from Ihc second radio node to the first radio node ; 

-excfmiSMg infoimntion between stations (415), wherein the second radio jiodo 
sonds a rojpwscntatJon of the channel cstimalo //^^^ to the first radio node; 
^cakulmUis (420) i\ channel corAJCtion factor, Hq^ , according to: 



20 



-compensoiing (325) tRmsmissions from tlio first radio node to at least the second 
radio nodii with the dianneJ conwtfon feotOT, Hqv^^ 

9. Calibration method accordmg to claim 1, wherein at least the first radio node is 
provided with u piurality of auleiwas, and said calibration racihod comprises the 
25 stops of: 

-trammUiins (705) first channel estimation symbols, or first pilots ,JP, fron> ihc firet 
radio node to at least tlie second radio node and from the second radio node to nt 
leas I tho first radio node; 

-^.^/w7/j/%(yiO), 

30 nodo to the S(?cojid nidio node //^^ ^ and, in the first radio node, the radio channel 

ffi^ju ilie second radio node to iho first radio node u^j^ ; 
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• * 



"Calculating (71 1) , in iho first radio node, a prc-filter, Hs^j^ . 

-iransmiiimg (7 12) from the fits! radio node to tlie second radio node second chaimcl 
est} wfition symbols, or sQcond pilots, , mulliplied with Ihe prc-filler, //^^^ , 

Vf liioh as the second radio node will be received as 

-esUmatins (71 3), in Ihe second radio node, a connection vector fixjm //j^^^ 
aiKl/f^,^!,, wherein //^^^ awjlmown by the second radio node from the first pilot 
•nnd -H^it^rjfiB estimated from-Jiif — 



•^changins infoimallon between stations (715), v*erein the second «idio node 
10 iwncis a Tcj)r6scni»tioa of the correction vector to the iust radio uod^ 

•calculaiing (720), in the first radio node^ channel cotreotion faclore for each antenna 
l)a9vd ou the cocreetion vector; 

-cofupemaiins (725). transmissions from the first radio node to at least the second 
radio node with the channel correction iactcna^ whereby ensuring iecq>rodty, 

IS 10. Cfaibniiionjnclhodacconlme to clairn I, wherein at least the first radio iiode is 

provided wifli a pluraUly, of antennas, and said calibration method compiist-jj Ihe 
steps of: 



Ml 




ml 


7 



radio nodo to at least tbo second j-adio node and Scorn the second radio node to at 
V 20 least itioilrsinidio node; 

-esilaiatingi^XQi, in the second radio node, the radio channel fiomtiiie first radio 
node to the second radio node w^^^p, and. in the first radio node, ihe radio channel 
JVom the second radio node to the first radio node //^^ ; 

'trunsmiWng (61 1) from the first radio node to the Kcond radio node second channel 

25 estlra3Uons>"nibols, or second pilots, /*,,pTe-muhiplied according to: 

' JJ-M ' \ f wWch al tlic second radio node will be received as J?,; 

-esi'matins (CI 2), in Uio second radio node, a coiteolion vector comprising errors Ibr 
each of the first rfldio node's antennas based on R, and Hjl^s «" 

-cxchmt^in^ iijforroatlon between radio nodes (615), wherein the second radio node 
30 wnds a repri^scni-AUonoflhc correction vcctorto the first radio nodo; 

-coJcuIaling (620), in the first radio node, channel correction feciors for each antenna 
ba^cd on the correctipn V60\o\-i 

• • •••"Eiiipf.2eit:30/fl6/2004 08MR c . 
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•cDmp^tilUtg (625) (consmissions fiom the fiist radio soda lo at least ttie $i)cox\6 
Kidio node witli (he chadnel correction iactors, wbereliy ensuring reciptocily. 

1 1 . CalibKiUou method aceoiding to any of claims 6 to 10, wherein die coirection vector 
compviscs i»!prcsei«afioii of laiher JeJay^^rrora, phaso-arors or ampHtudc-aroTs, or a 

5 combh\aUoa of tliese errors. 

12. Cialitoion method according to any ofcJaimsl to 11, wherein a ffe^ 
step of transmUfbig channel esstlmatioA symboJs is pei^Rned ii«.fiTsttransmft-tfme - 

slot TXi, wltercin ihe swond radio node traasmit a pilot Pa which is received by tlio 
fti'iit mdio node, wlu(^ is in a receive mode; and 
1 0 a second part of the step of transmitting channel estimation symbols is pcrfonned in 

a second transmit time slot IXa, wherein die first radio node transmit apUo^ Pq, Pa 
or Ps which is tew^vcd by the second radio node, wMch is in a receive mode 

1 3. Calibraiioii mcftod acconline to claim 12, wherein ihc step of «ccbanfiing 
inronufllion between radio nodes is perrormcd in a third transmit limeslot TX3, 

15 wherein tlie second radio node is inregular transmit mode and transmits informatiou 

on the radio channej to tliQ first ituKo node, whidi is in receive mode. 

14. C^^'ilv-itiou method according to claim 13, whwdn the firstradio node estimates the 
radio channel from the second radio channel to the first radio node, Hg.^ji, in tlio 

first transmit lime slot TXi. 

20 15, Calibratioii m^tliod according to claim 13 or 14, whereia the second radio node 

esUft}ores the wdio clioim^l from the firet radio chaimd to the second radio node, 
^h'-ya second transmit time slot 1X3. 

16. Calibrallon mclhod according to claim 15, ivherein the second radio node furflicr 

CMiimm^s a correction vector or correction lean in tiio second transmit time slot TX2, 



25 17, 



Calibialion method according to any of claims 13 to 16, wherein the step of 
- • .L^AlcuIating conwUoii factor or factors in the first radio node is perfoimed in the third 
Lraiwmit limeslot '1X3. ~ — ... 




t 
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18. Compulcf program pmducls directly loadable into the internal memory of a 

pxocfissins means wilhin a nwJio node, comprising the software code means ndapted 
fbr conlroUiag thu steps of any of the claimpS 1 to 17, 

1 9- Compuler progi-ain products stored on a computer usable medium, comprising 

jtiadablc program adapted for cmising a processing means in a processing unit within 
a sender and recolvf r, lo control an execution of the steps of any of ihe claims 1 to 
17. 



20. A communication system (800) for wireless communication. Oie system comprising 
at least a firsjt radio node and a second mdio node which can be arranged to be in 

1 ^ radio communication with eadi other, said eommunication system characterised in 

that the at least the finjt radio nodp is caKbratcd with the aid of the second radio node 
by the use pf the calibnilion method according to any of claims 1 lo 1 7. 

21 , llic communication system according to claim 20, ivherein the at least one of ihe 
radio nodes of the system utUiiies a multiantenna configuration such as MIMO. 

15 22. A radio node adapted for wireless conununication in a wireless network 

network comprises at least a second radio node, characterised in that the first radio 
node comj^riscs: 

-exdianging means (232) for receiving at least one i^rescnjation of a lirat radio 
channel estimates; 

iO -chaimel estimaihig mesma (224) for producing a second radio channel estimate from 

a reidio signal received by the first radio node; 

^calculating means. (22(0 for caloulaSng a correction vector/tenn or a representation 
of a radio cha4mcl csliraates based on the received iifst radio channel estimate nnd 
the second radio channel estimate; and 
25 -compcnsaling means C234) for compensatmg radio transmissions from the first radio 

node ^vith at toast oac correction factor which is at least partly based on the 
calculated calibration, and adapted to achieve essentially reciprocity between tlie 
radio ch^innel fiom the first radio node to the second radio node and the radio 
channel irom the second radio node to the Hrst radio node. 

30 23. Tlio radio node accordmg lo claim 22, wherein the first radio node further 

■ 

comprises: 



E»<-»i*aCM»!2at« 08:17... E».f.nr.J465.PJ3E 



30-JUN-04 WED 08:42 DR LUDHIG BRANN PAT AB FAX HO. 018 588939 



P. 16/25 



30 



J5 



20 



24. 



25. 



10 26. 



27. 
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7». 



-pilot ij^jniiiuiitirig means C228) for coaUolUng the twnsnussion of channel estimation 
Aymbols to at least the socond radio node ovet a tadio channel. 

1 lie radio node occonling (o claims 22 or 23, wherein the radio node fbrther 
corapriscB meaos for initiating a calibration process, said initialing means adapted to 
initiate tlio colihration proccts in predetcnninc time intervals. 



Tbo radio nodo according lo claims 22 or 23, wherein the radio node further 
<^!5P?i?S?^112a?s for inijigin^acah-bra tton process, said initjaUng means a dapted to 
iniiwto tlw calibwUoft process as a response of a measure of communication qoalily 
boiiig below A prcdelerniiued threshold value. 

'i^^St radio nodo accordiug to any of claims 23 to 25, wherein 

-the tninsmidijig means is adapted lo transmit a pilot signals at least to the second 

radio node; 

-the calculaling mssak «ro adapted to calculate an estimate for the channel 
from Uio second radio node to the first radio node, and to calculate a pieljminary 
potwction feclor, hA.\ based ou the channel estimate, //^^^ ; 
■the compensating means is adapted to compensate transmissions from the first radio 
node to at least tho second radio node with the preliminary corrccttpn fector /i^ 
-tJio cxclianging means is adapted for receiving a conection term, which has 
bcda calculated ba-scd on estimations of etiois in an transmissions fiom the first radio 
nodo using tho piel iniinaiy correctioa factor Hab', 

-the compciwatu^B mtxm is further adapted to compensate radio transmissions from 
the first radio node with a coitoction fector whidi has bccq updated with tlio 
coiTuclion tunn hewr. 

The radio node according to any ofdaims 22 to 26, wherein the radio node utUizes a 
niultiajiicnna conRguratlon su<^ as MIMO. 

Tho radio node according to any of claims 22 to 26, when^n, the radio node is a 
moliilij station (815). 



The raJio noOa according to any of clahns 22 to 26, wherein the radio node is a 

rnilio baso .station (805). - — - •„.. 
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30. The radio node according to any of claims 22 to 26, wherein the ladio node is a tel:iy 
s1atJop(810). 
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AUSIX^ACT 

Tlie pfcsent invcnlioii relates to a method md anangcment to enhance the comniunicalion 
pc^rFojnnaaca in wireless commimicalion ?yb1ems. Th$ mefliod of the invention provides a 
method of calihi-ating at least first radio node in a wirdess communication network, Tiic 
5 communication networic comprises at I^ast a first radio node and a second radio uodc, MWch 
cftix bo aitanpcd to be in radio communication with ench other. The calibration method is 
based ontJial at least one representation of radio channel chamcterislics, which lias been 
excIiangcJ from one radio node to tlie other. Wherd^y inaccuracies and differences in transmit 
' tcwivo cbaiiw are compeusaicd aiui channel reciprocity can be used. 

10 



FIG, 3 for piibHcation 
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